Background: Assessment of diet and physical activity and their determinants still remains a demanding task, especially when the objective is to evaluate the efficacy of lifestyle interventions. In the context of the Feel4Diabetes study (a European community based intervention study in families with school aged children and at high risk of developing diabetes), we aimed to develop questionnaires for the assessment of food-frequency and eating behaviors, and physical activity and sedentary behaviors in both parents and school-aged children and a questionnaire for overall family's energy balance-related behaviors. Methods: Questionnaires were developed to be used in 6 countries under standardized harmonization procedures and included questions regarding not only food intake and physical activity, but also questions of their determinants. A reliability study was conducted in 191 pairs of parents and their children (N = 191). Parents completed the questionnaires on two occasions, within a 1-2 week interval. Reliability was tested by the intra-class correlation coefficients (ICC) of testretest. Results: Most of the questions in all questionnaires had excellent reliability, assessed as an ICC of > 0.810. Mean ICCs for food-frequency and eating behaviors questionnaires were 0.838 and 0.787, and for physical activity and sedentary behaviors questionnaires were 0.734 and 0.793, in adults and children respectively. Mean ICC for overall family's energy balance-related behaviors and their determinants was 0.659. Conclusion: The developed questionnaires showed acceptable reliability and may be valuable tools in the assessment of children's and parents' behaviors related to diet, physical activity, sedentary behavior and overall energy balance in school-and community-based interventions.
Background
Diet and physical activity are key lifestyle factors to improve overall health, including diabetes prevention and enhancement of glycemic control throughout the lifespan. A recent review of clinical trials suggests that both diet and physical activity interventions are capable to reduce the risk of type 2 diabetes, especially in the high risk population, with their combinations being more potent [1] . In school-aged children, interventions for prudent eating habits [2] and increased levels of physical activity [3] have been also associated with increased insulin sensitivity after a 2 years follow up.
Diet and physical activity have qualitative and quantitative aspects and their precise assessment is of major importance in identifying those at risk, in developing targeted interventions and also in measuring the efficacy of these interventions. Unfortunately, all methods of measuring dietary intake are hampered by errors of precision [4] . Assessments of intakes of specific nutrients obtained with a food frequency questionnaire, in comparison to intake with a gold standard method, have yielded low correlation coefficients in both adults [5] and children [6] . It has been proposed that measuring consumption of food groups and their integration into dietary patterns, rather than assessment of single nutrients intake, may be more closely associated to various health outcomes, due to the highly interrelated nature of dietary exposures [7] . However, reported correlations between actual and measured intakes of specific food groups have been also weak to moderate in children [8] . The same constraints apply when assessing physical activity levels in various age groups [9, 10] .
A relatively new era of research suggests that food choice and physical activity are influenced by multiple environmental factors that may augment or diminish a healthy behavior [11] . At the individual level, it has been observed that many healthy or unhealthy behaviors do not occur by chance, but rather they cluster [12] and may be interrelated. For example, screen time has been associated with poor eating habits in children and adolescents [13] . Delineating these complex interactions and their environmental determinants is of critical importance in order to target specific diet and physical activity behaviors that can be modified by behavioral change based interventions. Unfortunately, there is scarcity of well-designed tools for the assessment of such aspects of diet and physical activity at the community level.
In this paper we describe the development of questionnaires for diet and physical activity assessment in adults and school-aged children in the context of the Feel4Diabetes Study. The study regards a school-and communitybased intervention in 6 European countries, aiming to promote a healthy lifestyle and tackle obesity and obesityrelated metabolic factors related to increased risk for type 2 diabetes. We aimed to develop questionnaires capable in assessing not only dietary intake and physical activity status, but also overall energy balance-related behaviors, perceptions and environmental barriers or facilitators for each behavior.
Methods

Setting
The Feel4Diabetes study aims to develop, implement and evaluate a school-and community-based intervention to prevent type 2 diabetes among families from low-and middle-income countries and vulnerable populations in high-income countries in Europe (http://feel4diabetesstudy.eu). The intervention is applied in six European countries (Belgium, Bulgaria, Finland, Greece, Hungary and Spain) and targets dietary and physical activity behaviors. Participating families included at least one parent/care giver and one child attending one of the first three grades of compulsory education. The research group of the study includes medical doctors, researchers in the area of nutrition and exercise (with a Master's or a Doctorate degree), as well as practitioners in the field (with at least a Bachelor's degree). The members of the research group were both males and females and all were adequately trained for the purposes of the study. It is of great importance that multicenter studies use harmonized and standardized measurement procedures as well as reliable and valid tools to assess the effectiveness of intervention programs [14] .
Development of questionnaires
We developed a total of 5 questionnaires: two foodfrequency and eating behaviors questionnaires (one for adults and one for children), two physical activity and sedentary behaviors questionnaires (one for adults and one for children) and a brief questionnaire assessing overall family's energy balance related behaviors and their determinants. Development of each questionnaire was based on previous experiences from similar studies, by adding questions in order to also assess determinants of each behavior, based on the relevant bibliography. Questionnaires were designed to be self-administered and be answered by the parent/caregiver of each family. We limited openended questions as much as possible and we applied odd numbers in response options to close-labeled questions.
The initial forms of the questionnaires were developed in the English language and were commented and approved by all study partners. To ensure quality and consistency across local versions, the developed questionnaires were forward -translated in the language of each participating country, culturally adapted and backtranslated [15] . If any discrepancies, uncertainties or mistakes were identified, appropriate corrections were made until the highest standard of precision in the translation was reached.
Food-frequency and eating behaviors questionnaires
Food-frequency questions in the questionnaire for adults were derived from a questionnaire developed for the National Type 2 diabetes prevention program in Finland (FIN-D2D) [16] , with some modifications so as to be relevant for the target multi-country population of the Feel4-Diabetes study. A portion size defined with a household unit was provided for foods under question and the available answers provided frequency of consumption of the specified portion of each food. Additional questions were entered regarding meals and snacks consumption during weekdays and weekend days, consumption of specific foods during breakfast, and participant's perception of body weight and knowledge for adequate consumption of fruits and vegetables. The questionnaire for children was similar with that developed for adults, with minor exceptions, for example without questions regarding coffee or alcohol consumption.
Physical activity and sedentary behaviors questionnaires
Physical activity questions in the questionnaire for adults were based on the short form of the International Physical Activity Questionnaire [17] . We added more detailed questions on sedentary behaviors, including time spending on TV viewing, using a computer/laptop/smartphone on weekdays and weekend days. We also added questions regarding social support, perceptions and attitudes for physical activity, environmental determinants and knowledge about physical activity recommendations for adults. The physical activity questionnaire for children was initially based on a relevant questionnaire that was developed for the needs of a previous school-based intervention of our research group (the ToyBox study [18] ), with major modifications in order to be applicable in school-aged children. The same principles were used, as in the case of the adults' questionnaire.
Family's energy balance related behaviors questionnaire
A separate questionnaire was developed in order to assess habits related to diet (frequency of consumption of breakfast and of consumption of key food groups) and physical activity (total time of physical activity and screen activities excluding work/school) for the parent/ caregiver and the child. A set of questions examined also availability of healthy or unhealthy food choices at home, parenting practices that could influence children's eating behavior related to diet and physical activity and sedentary behavior, perceptions regarding health and availability of electronic devices in the child's room.
Reliability of questionnaires
Reliability addressed the question of how consistent the answers were from one occasion to the next in the same subject in terms of physical activity, sedentary behavior, food and beverage consumption and eating behavior. The study sample comprised of parents/primary caregivers from the six countries of the study who had similar demographic characteristics with the targeted population in the Feel4Diabetes-intervention (i.e. children attending the first three grades in primary school; families living in low socioeconomic status municipalities in Finland, Belgium, Greece and Spain or the overall population in Bulgaria and Hungary). Parents/caregivers were asked to complete the questionnaires twice, within a 1-2 week interval. Parents/caregivers were contacted through their children's school and an information letter regarding the objectives of the study and instructions on how to complete the questionnaires was sent to them. Written consents were obtained. Since this is a validation study of the developed questionnaires, participation rate and reasons not to participate were not recorded. One researcher in each country performed data processing and participant's coding.
The agreement between categorical, continuous and dichotomous items was analyzed using a two-way random effect single measure intra-class correlation coefficient (ICC). ICCs were classified as "excellent" (> 0.81), "good" (0.61-0.80), "moderate" (0.41-0.60) or "poor" (< 0.40). Additional analyses were performed in order to check for differences between countries, using one-way analysis of variance. Data processing and analyses were performed with IBM SPSS Statistics, Version 24, Armonk, NY, IBM Corporation.
Results
The developed questionnaires are available upon request, either in English or in one of the other six available languages (Bulgarian, Finnish, Flemish, Greek, Hungarian or Spanish).
Reliability results
A total of 191 pairs of parents/caregivers and their children from the six countries of the study participated in the reliability study of the questionnaires (Ν = 35, 32, 20, 11, 30 and 63 for Belgium, Bulgaria, Finland, Greece, Hungary and Spain, respectively). Mean age of the study participants was 41.0 ± 5.4 and 9.1 ± 1.8 years respectively. 83% were mothers and 17% fathers. 19% of the participating parents had total years of education less than 12 years. No significant differences were observed in reliability results between countries, thus results are presented for the total sample of the study.
Reliability of food-frequency and eating behaviors questionnaires
ICCs for food-frequency and eating behaviors questions ranged from 0.238 to 0.956 in adults and from 0.349-0.953 in children (Table 1 and Additional files 1 and 2:
Tables S1 and S2). Overall, in adults' questionnaire, 77.4% of ICCs were ranked as "excellent", 20.2% as "good" and 2.4% as poor. In children's questionnaire, 64.1% of ICCs were ranked as "excellent", 30.8% as "good", 2.6% as "moderate" and 2.5% as "poor". In adults, with the exception of the question on nutrition knowledge, where relatively low reliability was observed, all other categories of questions showed similar reliability. In children, the question about breakfast skipping had relatively lower reliability, compared to other categories. Food-frequency questions had lower ICCs in children, compared to adults. Nutrition knowledge of the parents for children seemed to be higher than nutrition knowledge for adults.
Reliability of physical activity and sedentary behaviors questionnaires
The range of ICCs for physical activity and sedentary behaviors questions was 0.125-0.935 in adults and 0.001-0.996 in children ( Table 2 and Additional files 3 and 4: Tables S3 and S4). A disproportionally low value of ICC was observed in the children's questionnaire for the question "On weekdays, how many days did your child walk for other transportation purposes?" (not including walking to and/or from school). Overall, in adults 50.0% of ICCs were ranked as "excellent", 36.1% as "good", 5.6% as "moderate" and 8.3% at poor. In children, 70.6% of ICCs were ranked as "excellent", 20.6% as "good", 2.9% as "moderate" and 5.9% as "poor". In adults, the lower ICCs values were observed for the questions related to type and frequency of physical activity, while no substantial differences were observed in ICCs values among categories of questions.
Reliability of family's energy balance related behaviors questionnaire
ICCs in the questions of the family's energy balance related behaviors ranged from 0.088 to 0.887 (Table 3 and Additional file 5: Table S5 ). The question regarding breakfast consumption on weekend days by the child had the lowest ICC. 13.9% of ICCs were ranked as "excellent", 62.5% as "good", 13.9% as "moderate" and 9.7% as poor. Similar reliability was observed among categories of questions. With the exception of the questions of screen activities, ICCs for the questions regarding the child were relatively lower, compared to those regarding the parent/caregiver.
Discussion
Despite substantial advances in nutritional epidemiology, assessment of diet and other lifestyle factors, such as physical activity remains a growing field, as respective tools need to capture multiple aspects of nutrition and overall lifestyle. In the present manuscript we described the development of five questionnaires, one for dietary habits in adults and children, one for physical activity in adults and children and one for overall family's energy balance-related behaviors. We focused not only on the single assessment of dietary intake and physical activity levels, but also on the behaviors towards them, thus evaluating barriers and/or facilitators of a healthy (or unhealthy) lifestyle. Results from our reliability study suggest that the developed tools have at least good reliability and thus may be used for evaluation of the effectiveness of interventions at the community level, such as the Feel4Diabetes study.
The tools for the assessment of both diet and physical activity are commonly characterized by moderate reproducibility. Our reliability results in the food frequency and eating behaviors questionnaire were similar with those reported to other food frequency questionnaires, in both adults [19, 20] and children [21] [22] [23] [24] . Similarly, the physical activity and sedentary behaviors questionnaire had comparable reliability with other physical activity questionnaires for adults [17, 25, 26] and children [10] . Of note, in both questionnaires, questions regarding attitudes and perceptions, social support or knowledge did not show higher reliability, compared to questions regarding dietary or physical activity habits. Therefore, the accurate reporting of such aspects of lifestyle should not be taken for granted and the reproducibility of such questions should also be confirmed by reliability studies. This observation is of high importance in behavioral interventions, as it may confound the evaluation of their effectiveness. When comparing the developed questionnaires, overall reliability was lower in the family's energy balancerelated behaviors questionnaire, compared to the other two questionnaires. This is an expected finding, due to the nature of the questions included in this questionnaire: most of the questions were wide-ranging and qualitative and thus a definite and reproducible answer was more difficult to be obtained. A lower reliability does not necessarily diminish its value, but may limit its use. In fact, this questionnaire was developed as a tool to assess the school-based intervention of the Feel4Diabetes study, and not the intervention on high-risk families. As such, it may be applied in large populations for the detection of individuals at risk of poor health behaviors, where a high sensitivity is not required.
The developed questionnaires have several strengths. They have been designed for a multi-country population, under standardized procedures, including reliability studies in various populations, with different socio-economic background, thus making them applicable for various populations. They also provide a holistic approach of diet and physical activity, exploring various aspects regarding their determinants. On the other hand, they are subjected to inherent limitations that are common in the assessment of lifestyle parameters. Even if we overcome the constraints on precision, self-report bias due to social desirability and approval [27] or intervention-associated bias [28] may compromise the accuracy of the information obtained. In addition, the developed questionnaires have been tested for their reliability in European countries and thus their application in other populations may require additional validity studies. Nevertheless, the use of questionnaires still remains the only choice when it comes to the evaluation of lifestyle in large population groups and their use may provide valuable information that should always be interpreted keeping in mind their limitations. 
